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Heath Physics Technology (H-201) 
October 19-30, 2009 

Chattanooga, TN 
 

 



 

  Enclosure 2 

INSTRUCTIONS TO STUDENTS 
 

ACCEPTANCE:  This is to advise you that those individuals in Enclosure 1 have been accepted 
for participation in the training course (H-201) AHealth Physics Technology Course.@  This 
course is scheduled to be presented October 19-30, 2009 at the NRC Technical Training 
Center, 5746 Marlin Road, Suite 200, Osborne Office Center, Near Eastgate Shopping Center, 
Chattanooga, Tennessee 37411-5677, Telephone (423) 855-6500. 
 
COURSE:  This course will be conducted beginning at 8:00 a.m. and end at 4:00 p.m. each day 
except for Friday, October 30, 2009, when the class is scheduled to end at 1:00 p.m.  However, 
on Monday, October 19, 2009 formal presentations will begin at 1:00 pm.  In place of a Math 
Review session formerly conducted on Monday morning, attached is a PDF file (Enclosure 3) 
containing the student handout for the Math Review.  You’re encouraged to read it and do the 
sample problems provided.  This will familiarize you with the level of math that may be required 
to solve problems during the course.  If you have any questions concerning the PDF file, please 
send an e-mail to John.Ricci@nrc.gov

http://www-nrc-training.ornl.gov/NRC/ttd/catalog.htm
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OBJECTIVEOBJECTIVE
This math review handout waTd sh rcommended by students3This math review handout waTd sh rcommended by students3
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y = 2x+1y = 2x+1
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Linear EquationsLinear Equations

Most linear equations are Most linear equations are “literal”“literal” equations, which equations, which
means that they use means that they use letters as their variablesletters as their variables.  To solve.  To solve
linear equations, the following methods are useful:linear equations, the following methods are useful:

Addition propertyAddition property

For all real numbers a, b, and c, if a=b, then a+c=b+c.For all real numbers a, b, and c, if a=b, then a+c=b+c.

Multiplication propertyMultiplication property

For all real numbers a, b, and c, if a=b, then ac=bc.For all real numbers a, b, and c, if a=b, then ac=bc+c=b+c.

D e f i n i t i o n  o f  a b s o l u t e  v a l u eD e f i n i t i o n  o f  a b s o l u t e  v a l u e

For each real number a, |a| = a if aFor each real number a, |a| = a if a��0 and |a| = -a if a<00 and |a| = -a if a<0
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System of EquationsSystem of Equations

The next method is The next method is SubstitutionSubstitution
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SampleSample
3x +  5y = 373x +  5y = 37
6x  -  3y =   96x  -  3y =   9

Solve for x and y:Solve for x and y:
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Linear CombinationLinear Combination



10/15/0110/15/01 1818



10/15/0110/15/01 1919

3x + 4y = 183x + 4y = 18
5x -  3y =   15x -  3y =   1SAMPLE:SAMPLE:

Solve for x and y:Solve for x and y:
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LAWS OF
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The following expressions cannotThe following expressions cannot
be simplified any further:be simplified any further:

xxaa y yaa
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For For ��x x ���� 1 ,  1 , ee--��xx  =   1 -   =   1 - ��xx

Good to within:Good to within:

±± 5% for  5% for ��x  = 0.3 andx  = 0.3 and

±± 1% for  1% for ��x  = 0.2x  = 0.2

Rules of ThumbRules of Thumb
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Dimensional AnalysisDimensional Analysis

The ability to keep track of units,The ability to keep track of units,
cancel them out properly and ensurecancel them out properly and ensure
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Attenuation equations are typically expressed inAttenuation equations are typically expressed in 30
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((��//��)()(��)(x) = ()(x) = (- 0 021 cm- 0 021 cm22)   ( 0  0 1  g   )    ( 3  c m ))   ( 0  0 1  g   )    ( 3  c m )
   g   g   T d  ( -  0  0 2 1  c m ) T j  1  1  0   s c n  - 0 . 0 4   c m33

Problem 1 SolutionProblem 1 Solution
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Protective clothing is often sold withProtective clothing is often sold with
units of areal density, e.g., ounces perunits of areal density, e.g., ounces per
square yard (oz/ydsquare yard (oz/yd22

).).).
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1 oz  = 28.35 g1 oz  = 28.35 g

1 yd  = 3 feet1 yd  = 3 feet

1 foot = 12 inches1 foot = 12 inches

1 inch  = 2.54 cm1 inch  = 2.54 cm
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We start out with units of oz/ydWe start out with units of oz/yd22 and we want to get
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Rectangle = Length Rectangle = Length xx Width Width
LL

WW

AreaArea

BB

HHTriangle = ½Triangle = ½ Base  Base xx Height Height

RRCircle = Circle = ��  xx Radius Radius22
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VOLUMEVOLUME

44
33
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Degrees or RadiansDegrees or Radians

D is 2 times the radius (2 D is 2 times the radius (2 xx
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PROBLEMSPROBLEMS   (calculate the following)   (calculate the following)

1. Sine ( 28Sine ( 281 .

1. 1.

1.

1.

1.1. 1.1.
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INVERSEINVERSE
TRIGONOMETRICTRIGONOMETRIC

FUNCTIONSFUNCTIONS
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EXAMPLE:       What is the arcsine of 0.06?EXAMPLE:       What is the arcsine of 0.06?

On my calculator, if I punch in On my calculator, if I punch in 2ndF2ndF then  then sinesine-1-1 and and
0.060.06, I get , I get 3.443.44

Is this answer degrees or radians?Is this answer degrees or radians?

In this case it’s degrees because my calculator isIn this case it’s degrees because my calculator is
showing showing DEGDEG at the top of the display. at the top of the display.

If I wanted radians, I could just toggle the If I wanted radians, I could just toggle the DRGDRG key to key to
RADRAD and I would get  and I would get 0.06 radians0.06 radians

To avoid problems always check your To avoid problems always check your DRGDRG
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LOGARITHMSLOGARITHMS
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The answer 
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Since “10” and “e” are both just numbers, there is aSince “10” and “e” are both just numbers, there is a
fixed relationship between logfixed relationship between log
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On your calculator you 
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PROBLEMSPROBLEMS  (Calculate the following)  (Calculate the following)

1.1. the common logarithm of 88the common logarithm of 88

2.2. the naturc5.2oaC of1238the naturc5.2oaC of1238



10E -0.0015 Tc 0 3-6 1 6 1
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INTERPOLATIONINTERPOLATION
NOTE:  Some of the following slides list pages in theNOTE:  Some of the following slides list pages in the
Health Physics Technology Reference Manual forHealth Physics Technology Reference Manual for
looking up Table values. 
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The simplest form of interpolation is the “The simplest form of interpolation is the “guesstimateguesstimate”.”.

Let’s say you have a set of numbers like these:Let’s say you have a set of numbers like these:

speed (mph)speed (mph) stopping distance (feet)stopping distance (feet)
1010 1010
2020 4040
30
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A set of data from a Table 
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The “line” represented by the “x” and “y” valuesThe “line” represented by the “x” and “y” values
doesn’t have to be “straight”.  In fact, the valuesdoesn’t have to be “straight”.  In fact, the values
listed in the table on the previous page definitely dolisted in the table on the previous page definitely do
not represent a “straight” line.not represent a “straight” line.

However, if we select two consecutive values from aHowever, if we select two consecutive values from a
n approximate then approximate the

curved “line” by a “straight” line (i.e., if the points arecurved “line” by a “straight” line (i.e., if the points are
close enough, even a curved line looks straight).close enough, even a curved line looks straight).

If this approximation is valid we can use “linearIf this approximation is valid we can use “linear
interpolation”.interpolation”.
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Let’s graphLet’s graph

y = 2x+1y = 2x+1
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The slope of a straight line is just the change in “y” dividedThe slope of a straight line is just the change in “y” divided
by the change in “x”.by the change in “x”.

You can compare that to the slope of a steep hill where aYou can compare that to the slope of a steep hill where a
road sign might state “Caution: 4% grade”.road sign might state “Caution: 4% grade”.

What the sign is telling you is that the road drops 4 feet forWhat the sign is telling you is that the road drops 4 feet for
each 100 feet forward that you drive.  Or, to put it in oureach 100 feet forward that you drive.  Or, to put it in our

terms, for every 100 units of “x”, “y” changes by - 4 units.terms, for every 100 units of “x”, “y” changes by - 4 units.

- 4- 4

100100
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MeVMeV   ��enen//��
  

1.01.0 0.03080.030877771.0

en
en//��

  
1.01.0 0.03080.0308771.0
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2.015
2.015
1.25
1.25
3 3So the final answ

er is:
So the final answ

er is:
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SOLVING FORSOLVING FOR
EMBEDDED VARIABLESEMBEDDED VARIABLES
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RULES:RULES:
1.1. You can multiply both sides of an equation by the same valueYou can multiply both sides of an equation by the same value

2.2. You can divide both sides of an equation by the same valueYou can divide both sides of an equation by the same value

3.3. You can add the same value to both sides of an equationYou can add the same value to both sides of an equation

4.4. You can subtract the same value from both sides of an equationYou can subtract the same value from both sides of an equation

5.5. You can multiply any side of an equation by 1 or any ratio whichYou can multiply any side of an equation by 1 or any ratio which
equals 1 (e.g.  a / a)equals 1 (e.g.  a / a)

6.6. You can “flip” both sides of an equation (i.e. reverse numerator You can “flip” both sides of an equation (i.e. reverse numerator 
and denominator) and denominator) provided there is only one denominator on provided there is only one denominator on 
each side, e.g. (1/a = 1/b each side, e.g. (1/a = 1/b �� a = b) but (1/a + 1/b = 1/c  a = b) but (1/a + 1/b = 1/c �� a + b = c) a + b = c)

7.7. lnln (b  (b aa) = a) = a ln ln (b)    (b)   {i=n -0m5( of an equa)5(tion)]TJ 1 d ( (b )Tj 1 1 0  scn -0.036 0.036 Td/tionb Y o u  c 1 9 =  c ) a  =  b )  b u t - 0 . e  0   s c n 0 0 2 o n  - 0 . 0 3 6  . 0 0 1 3  T w  2 . 4 0 8  - 2 0 . 0 ( Y o u 4 . 5 3 9  0   s c n  - 0 . 0 3 6  0 . 0 ( b  ) T j  1  1  0   s c n  - 0 . 0 3 6  0 . 0 3 6  T . 0 2 2  T c  - 0 . 0 0 0 2  T w 1 . 1 9 2 3 - 0 . 0 3 6  T 1 . 4 1 9 ( b  ) T j  1  1  0   s c n  J  0  0 e a  =  b )  b u t  0 ea  r T d  ( a ) T j  0  0  0   s c n  - 0 . 0 0 3 4  T c  0 . 1 0 0 1 9  T w  1 . 0 9 . 0 4  - 2 0 . 0 4  0  5 0 3 . 8 7 9 9  1 6 4 . 1 6  T 5 1 9 . 4 8 j  1  [ T j  0  b a } c n  J  0  0 e

 a  =  j  0  b a } c n  J  0  0 - 0 . 0 0 0 8  T c  - 8 . 6 6 5 - 0 . 0 3 6  T d  [ ( p r o v ) 4 ( i T J  0  0 e . g o    e 1  0   s c n  - 0 . 0 3 6  0 . 0 3 6  T d  [ (  ( b ) ) - 4 J  0  0 e . g o    e 1  0   s t  0 e ) ] T J  - 0 . 0 3 6  2 . 9 6  - 1 2 . 9 6  0  4 9 7 . 6 4  1 5 6 . 7 2  T 6  ( a 8 8 =  a ) T j ( 0   s c n  - 0 . 0 3 7  0 . 0 3 7  T d  ( a ) T j  0  0 j ( 0   s  0  ) 6 ( b a } c n  J  0  0 e ) ] T J 7 J  1  1  0   s c n  - 0 . 0 8 0  0 j ( 0   . 0 3 6  0 . 0 3 6  T d  ( l n ) T j  0  0  0   s  0  ) 6 ( b a } 2  T c  - 0 . 0 0 0 2  T w 1 . 1 9 2 3 9  - 2 0 . 0 4  0  9 6 ( b  ) T j  3 5 0  0 j ( 0   . 0 3 6 a ) - 2 . 0 3 6  T d  ( l n ) T j  0  0  0   s  0  ) 6 ( b a } a ) - 2 . 0 3 6 0 . 0 0 0 2  T w  1 . 1 9 2  - 9 0 . 0 4  0 (  0 5 3 . 8 7 9 9  1 6 4 . 1 6  T 5 1 9 . 4 8 j  1  [ T j  0 6 8 9   s c n  - 0   s b . 0 3 6  T d  (  l n ) T j  0  0  0   s c n  - 0 . 0 0 2  s b . 0 3 6 T w  - 2 7 . 4 1 9  - 2 . 4 1 9  T d  ( 7 . ) T j 3 0 h  s i ) 8 s c n  - 0 . 0 3 6 8 0 . 0 3 6  T d  ( 7 . ) T j  0  0  0   s c n  - 0 . 0 0 2 8  T c  1 . 8 0 2  - 0 . 0 3 6  T d  ( 4  - 2 0 . 0 4  0  5 0 3 . 8 7 a n  “ f l i p ”  b o I f  ) 6 n ) - s c n  / C S b ] T J - 1 ( l n  0   s t   i n e ) 4 t o r 7  
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A = A = B x DB x D
C x EC x E

Examples Examples (in each case solve for “C”):(in each case solve for “C”):
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A = A = BB
CC ++ EE

DD
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A = B A = B xx
CC
DD

ln  ln  [ [        ]     ]



10/15/0110/15/01 9191

FF DD
AA ++ BB

EE
==

CC
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AA == B B xx sine Csine C
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A = (B + C) A = (B + C) xx (D + E) (D + E)
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AA ==
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Extracting InformationExtracting Information
from Tablesfrom Tables
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Sample Sample (test your knowledge)(test your knowledge)

3x +  5y = 373x +  5y = 37
6x  -  3y = 96x  -  3y = 9

Substitute into:Substitute into:

6x - 3y = 96x - 3y = 9
6[(37 - 5y)/3] - 3y = 96[(37 - 5y)/3] - 3y = 9
6(37 - 5y) - 9y = 276(37 - 5y) - 9y = 27
222 - 30y - 9y = 27222 - 30y - 9y = 27
-30y - 9y = 27 - 222-30y - 9y = 27 - 222
y(-30 - 9) = -195y(-30 - 9) = -195
y = -195/-39 = 5y = -195/-39 = 5
y = 5y = 5
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PROBLEMSPROBLEMS  (calculate the following)  (calculate the following)

1.1. area of a circle with a 4 cm diameter?area of a circle with a 4 cm diameter?

2.2. surface area of a hemisphere with a radiussurface area of a hemisphere with a radius
of 2.4 meters?of 2.4 meters?

3.3. volume of a sphere with a 78 cm diameter?volume of a sphere with a 78 cm diameter?

4.4. volume of a box whose length is 7 cm,volume of a box whose length is 7 cm,
width is 3 cm and depth is 12 cm?width is 3 cm and depth is 12 cm?

5.5. surface area of a box whose length, widthsurface area of a box whose length, width
and depth are all 12 cm?and depth are all 12 cm?

12.6 cm12.6 cm22

36.2 m36.2 m22

248475 cm248475 cm
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PROBLEMSPROBLEMS   (calculate the following)   (calculate the following)

1.1. Sine ( 28Sine ( 28�� ) )

2.2. Tangent ( 0.89 radians )Tangent ( 0.89 radians )

3.3. Cosine ( 88Cosine ( 88�� ) )

Given this triangleGiven this triangle
calculate the:calculate the:

4.4. Hypotenuse (c) Hypotenuse (c) 

5.5. Cosine of Cosine of ��

66

88 cc
��

��

0.470.47

1.2351.235

0.0350.035

1010

0.80.8

See page 47See page 47
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PROBLEMSPROBLEMS  (Calculate the following)  (Calculate the following)

1.1. the common logarithm of 88the common logarithm of 88

2.2. the natural logarithm of 123the natural logarithm of 123

3.3. the ratio of the natural logarithm of 452the ratio of the natural logarithm of 452
to the common logarithm of 452to the common logarithm of 452

4.4. the natural logarithm of the commonthe natural logarithm of the common
logarithm of 333logarithm of 333

5.5. the common logarithm of X is 3.2, what is Xthe common logarithm of X is 3.2, what is X

6.6. the natural logarithm of Y is 6.4, what is Ythe natural logarithm of Y is 6.4, what is Y2.
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PROBLEMSPROBLEMS  (Calculate the following)  (Calculate the following)

1.1. log (2.9log (2.933
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A = A = B x DB x D
C x EC x E

Multiply both sides by CMultiply both sides by C

Examples Examples (in each case solve for “C”):(in each case solve for “C”):

C x A = C x A = B x DB x D
EE

D i v i d e  b o t h  s i d e s  b y  A D i v i d e  b o t h  s i d e s  b y  A

We want th sin scn 8372 383000280.3 90 l  .l2.l2se 3830iidealls byits 3830lf We want th sin scn 8372 383000280.3 90 l  .l2.l2se 3830iidealls byits 3830lf 

CA = CA = B x DB x D
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Sample problem of this typeSample problem of this type::

time  =time  = dosedose
dose ratedose rate

dose

d
o

s
e

dose ratedose rate

e  = e  =e  =e  =
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A = A = BB
CC ++ EE

DD

Subtract D/E from both sides.Subtract D/E from both sides.

Multiply the “A” by 1 (E/E)Multiply the “A” by 1 (E/E)
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A = B A = B xx
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AA C x DC x D
EE

==
BB

ln  ln  
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Sample problem of this typeSample problem of this type::

The equation for radioactive decay isThe equation for radioactive decay is

A = A = AAoo x e  x e (-0.693 x t)/T(-0.693 x t)/T x e 



10/15/01
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FFDDAA
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Sample problem of this typeSample problem of this type::

11
TT
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AA ==
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A = (B + C) A = (B + C) xx (D + E) (D + E)
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AA
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Insteat of using logarithms and Insteat of using logarithms and exponentialsexponentials, you, you
coult just take the “ncoult just take the “n  th th” root of both sides of the” root of both sides of the
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